Objective: To determine the long-term safety of pars plana vitrectomy (PPV) in eyes with plaque-irradiated posterior uveal melanoma.
There were no cases of intraocular melanoma dissemination or extrascleral extension of melanoma. One patient (2%) developed local choroidal melanoma recurrence (2 years after PPV and 5 years after initial plaque radiotherapy) and was successfully managed with transpupillary thermotherapy. Systemic melanoma metastasis occurred in 4 patients (9%) during a mean interval of 5 years after plaque radiotherapy. During follow-up, 43 patients (91%) were alive without systemic metastasis and 4 patients (9%) were alive with metastasis.
Conclusion: Management of vitreous hemorrhage by PPV in eyes with previously irradiated uveal melanoma appears to be safe and without increased risk for intraocular, local, orbital, or systemic dissemination of the tumor.
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I
NDICATIONS FOR PARS PLANA vitrectomy (PPV) have expanded greatly since its inception in the 1970s. 1 Currently, PPV is most commonly performed for macular disease, rhegmatogenous retinal detachment, and complications of diabetic retinopathy. 2 Occasionally, intraocular malignant neoplasms can initiate vitreous hemorrhage (VH) before or after therapy, and PPV is considered. Concerns regarding PPV in such eyes include intraocular tumor dissemination, extraocular extension, orbital invasion, and remote spread. Some reports have indirectly commented on outcomes of PPV in eyes with treated posterior uveal melanoma. [3] [4] [5] [6] [7] Foster et al 8 specifically examined the safety of PPV in 9 eyes with treated posterior uveal melanoma and a mean follow-up of 2 years; one had intraocular tumor dissemination, and none experienced extrascleral extension or a metastatic event. Herein, we examine our experience regarding the long-term safety of PPV in a cohort of 47 patients undergoing PPV for VH after plaque radiotherapy for posterior uveal melanoma.
METHODS
After approval by the Wills Eye Institute institutional review board, we reviewed the medical records of patients with posterior uveal melanoma who were treated with plaque radiotherapy from June 1, 1978 , through April 30, 2006 , at the Ocular Oncology Service of the Wills Eye Institute, Thomas Jefferson University. Those patients who subsequently underwent PPV for VH after tumor treatment were selected for further analysis.
Baseline patient data included age, race, sex, and history of diabetes mellitus. Baseline tumor data recorded included tumor tissue (choroidal or ciliochoroidal), maximum tumor diameter (based on indirect ophthalmoscopy and B-scan ultrasonography), initial tumor thickness (based on A-and B-scan ultrasonography), retinal invasion, and extraocular extension. All tumors were treated with iodine 125-labeled plaque radiotherapy with or without adjuvant transpupillary thermotherapy; the dose of radiation to the tumor apex was recorded.
The intervals from plaque radiotherapy to the development of VH and from VH to PPV were recorded. Visual acuity and tumor thickness before PPV were recorded. The cause of the VH was determined by indirect ophthal-moscopy, fundus photography, and B-scan ultrasonography. All eyes underwent standard 3-port PPV.
The primary outcomes of this analysis were the rates of intraocular melanoma dissemination, extrascleral extension of melanoma, local melanoma recurrence, and systemic melanoma metastasis after PPV. Secondary outcomes included resolution of VH, visual acuity reduction or improvement, development of rhegmatogenous retinal detachment or endophthalmitis, and the need for enucleation after PPV. Table 1 . The baseline tumor characteristics and treatment are listed in Table 2 . All eyes had choroidal or ciliochoroidal tumors. The mean tumor base was 10 mm, and the mean tumor thickness was 5 mm before tumor treatment. Retinal invasion was present in 7 eyes (15%). No patients underwent fine-needle aspiration biopsy before plaque treatment. All eyes were treated with 125 I-labeled plaque radiotherapy with median tumor apex dose of 85 Gy without any intraoperative complications.
RESULTS
From
The mean interval between plaque radiotherapy and the development of VH was 22 (median, 15; range, 0-137) months. The most prevalent causes of VH included presumed tumor necrosis in 21 eyes (45%), proliferative ra- diation retinopathy in 13 (28%), posterior vitreous detachment in 7 (15%), and retinal break in 2 (4%). No eyes had a rhegmatogenous retinal detachment. Initial management included observation in 34 eyes (72%) and panretinal photocoagulation in 11 (23%). Recurrent VH occurred in 15 eyes (32%) before PPV.
The mean interval between onset of VH and PPV was 13 (median, 10; range, 0-52) months, and the mean interval between the plaque radiotherapy and PPV was 35 (median, 30; range, 6-137) months. The ocular features at the time of PPV are listed in Table 3 . Visual acuity before PPV was 20/60 to 20/100 in 3 patients (6%) and 20/ 200 or worse in 43 (91%) (data were missing in 1 patient). In 45 eyes (96%), convincing ultrasonographic reduction in melanoma thickness was detected after plaque radiotherapy, with minimal reduction in 2 (4%). Results of vitreous cytology were available in 4 patients; findings were negative for malignant cells in 3 and equivocal in 1.
The primary outcomes analysis is listed in Table 4 . The mean time from PPV to the last follow-up was 5 years. No cases of intraocular melanoma dissemination or extrascleral extension of melanoma were found after PPV. Only 1 patient developed local melanoma recurrence within the choroid (2 years after PPV and 5 years after plaque radiotherapy), which was successfully managed with transpupillary thermotherapy. This patient had had 2 recurrences before PPV, both of which were managed with transpupillary thermotherapy also. Four patients (9%) developed systemic melanoma metastasis after PPV. The mean time from plaque radiotherapy to metastasis was 5 years; from PPV to metastasis, 3 years. Metastasis occurred in the liver (n = 2), lung (n = 1), and multiple sites (n = 1).
The secondary outcomes are listed in Table 4 . Permanent resolution of the VH occurred in 35 eyes (74%). Visual acuity was 20/20 to 20/40 in 3 patients (6%), 20/60 to 20/100 in 4 (9%), and 20/200 or worse in 34 (72%). Poor visual acuity was generally due to adverse effects of radiation therapy. Enucleation was necessary in 6 cases (13%) for a blind, painful eye; mean time from PPV to enucleation was 8 months. We found no histopathologic evidence of extrascleraltumordissemination.AfterPPV,7patients(15%) developed neovascular glaucoma that was managed with medications (n = 3), an aqueous shunt device (n = 1), repeated PPV (n = 1), or enucleation (n = 2). At last followup, 43 patients (91%) were alive without systemic metastasis and 4 patients (9%) were alive with metastasis. There were no deaths due to melanoma or other causes.
COMMENT
Adverse effects of plaque radiotherapy for posterior uveal melanoma include maculopathy, 9 papillopathy, 10 radiation retinopathy, 11 proliferative retinopathy, 12 and VH, 13 among others. 14,15 Gü ndü z et al 9 reviewed complications of radiation therapy in 630 eyes with plaqueirradiated melanoma and described the 10-year risk for maculopathy (59%), papillopathy (23%), and VH (19%). Multivariate analysis revealed factors predictive of VH in uveal melanoma included mushroom shape and being older than 60 years. Bianciotto et al 13 specifically evaluated 403 eyes with VH after plaque radiotherapy for uveal melanoma and found the causes of VH included tumor necrosis (29%), proliferative radiation retinopathy (24%), posterior vitreous detachment (16%), retinal venous occlusion (5%), and retinal invasion (3%). Multivariate analysis in that study demonstrated baseline diabetic retinopathy, shorter distance to the optic nerve, thicker tumors, and Bruch membrane rupture as additional risk factors for the development of VH. In addition, the report advised that VH be observed for spontaneous clearance for 3 to 6 months because that occurred in 48% of eyes. However, in eyes with severe, persistent, or recurrent VH and those associated with neovascularization of the iris or retina, PPV is considered. Benefits of PPV include not only improved visual acuity and prevention of complications of neovascularization, but of equal importance, enhanced local intraocular tumor surveillance.
Little data have been published regarding the safety of vitreous surgical procedures in eyes with posterior uveal melanoma. There have been few reports [16] [17] [18] [19] on PPV in eyes with unsuspected intraocular neoplasms later found to harbor uveal melanoma. Of 6 such eyes reported in the literature, 4 eventually had intraocular tumor dissemination based on enucleated specimens and 2 demonstrated evidence of extrascleral extension; 1 patient died of liver metastasis. [16] [17] [18] [19] In general, melanoma should be ruled out via ultrasonography and/or other testing in any case of a VH of unknown origin.
In eyes that have a clinically suspected uveal melanoma, biopsy of tumor tissue with fine-needle aspiration is increasingly used for prognostic purposes. Shields et al 20 reported a series of 500 eyes with uveal melanoma undergoing fine-needle aspiration-sampled genetic testing and found no evidence of intraocular or extraocular tumor dissemination. A review of nearly 2000 fineneedle aspiration biopsies during the past 35 years found no cases of intraocular melanoma dissemination or local melanoma recurrence. Sampling by PPV is more invasive and is used less frequently. Five studies with a total of 35 patients have reported safety outcomes after PPV with transretinal biopsy in eyes with untreated melanoma. [21] [22] [23] [24] [25] After histopathologic confirmation of melanoma, these eyes underwent treatment with plaque radiotherapy (13 eyes), enucleation (11 eyes), protonbeam irradiation (10 eyes), or transscleral resection (1 eye). No cases of intraocular melanoma dissemination, extrascleral extension of melanoma, or local melanoma recurrence were detected. However, Bechrakis et al 22 reported that 3 of 13 patients with biopsy-confirmed melanoma developed systemic liver metastasis.
Concerning the safety of PPV in eyes with treated posterior uveal melanoma, data in the literature are also limited ( Table 5) . Foster et al 8 reported 9 eyes that had PPV after treatment of uveal melanoma, and 1 patient developed intraocular tumor dissemination that resulted in enucleation. None of the eyes developed extrascleral extension. At mean 2-year follow-up, all 9 patients were alive without metastasis. Radtke et al 3 reported a case of exudative retinal detachment after plaque treatment for choroidal melanoma managed successfully with PPV without tumor dissemination at 37 months after PPV. Haimovici et al 4 described a patient who underwent successful PPV for rhegmatogenous retinal detachment after plaque treatment for choroidal melanoma without tumor dissemination at 39 months after PPV. Mashayekhi et al 5 reported 7 eyes that underwent PPV for rhegmatogenous retinal detachment after plaque or transpupillary thermotherapy for posterior uveal melanoma. In that series, 1 patient developed a local tumor recurrence, and 1 patient developed systemic metastasis. Ferreyra et al 6 described a patient who underwent PPV with endoresection of a previously irradiated choroidal melanoma for treatment of VH and glaucoma. This patient had undergone 5 prior vitrectomies and did not develop extrascleral extension or systemic metastasis 12 months after PPV. Song et al 7 recently described 3 patients who underwent PPV for persistent exudative retinal detachment after gamma knife treatment for choroidal melanoma. No cases of intraocular melanoma dissemination, extrascleral extension of melanoma, local melanoma recurrence, or systemic melanoma metastasis were found. Based on our data and a review of the literature, PPV for VH after plaque radiotherapy of uveal melanoma appears to be safe and without increased risk for local or systemic spread. When comparing our patients with a published database of more than 8000 affected patients with uveal melanoma, systemic metastasis was not increased. In our cohort, 9% had metastasis vs 15% in the large published cohort at mean follow-up of 5 years. 26 Secondary outcomes of our study found PPV to be successful in resolving VH in 74% of cases, and visual acuity improved by 1 line or more in 19 eyes (40%). Reasons for poor visual outcome included radiation maculopathy in 38 eyes (81%) and radiation papillopathy in 26 (55%). Although glaucoma drainage implants are generally not indicated in eyes harboring untreated melanoma, 1 patient in this series had an aqueous shunt device implanted at another institution for neovascular glaucoma more than 2 years after plaque therapy and PPV. Given the long interval between the tumor treatment and drainage implant and the lack of viable melanoma cells from the vitreous sampling, we believe this procedure to be safe. In addition, in this series, 6 eyes underwent enucleation after PPV. No histopathologic evidence of tumor dissemination within the globe or orbit was found in these patients.
Several limitations are inherent in our retrospective case series. First, selection bias is a potential shortcoming because we only included patients who underwent PPV for VH in an eye that showed regressed melanoma.
Other indications for vitreous surgery in eyes with treated uveal melanoma were not evaluated herein. Second, several vitreoretinal surgeons in our institution and elsewhere performed PPV using a standard technique but with different preferences. The lack of negative results, despite the multiplicity of vitreous surgeons, argues for the safety of this procedure in eyes undergoing 125 I-labeled plaque irradiation. Last, vitreous cytology findings were available in only 4 eyes. Our preference would have been to sample the vitreous in all eyes, but pathological evaluation of vitreous samples is not performed at all institutions. Nevertheless, all patients in this series had documented tumor stability before vitrectomy.
In summary, based on our results and a review of the literature, PPV in eyes with treated posterior uveal melanoma appears to be safe (Figure 1 and Figure 2 ) and does not increase the risk of intraocular melanoma dissemination, extrascleral extension of melanoma, local melanoma recurrence, or systemic melanoma metastasis. Larger cohorts with longer follow-up would provide more robust data. all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. 
